Background: Increasing physical activity (PA) and decreasing sedentary time (ST) have important health effects among breast cancer patients, a growing population group. PA and sedentary behaviors are complex multidimensional behaviors and are challenging to monitor accurately. To date few studies have compared self-reports and objective measurement in assessing PA and ST in women undergoing breast cancer treatments. The aim of the present study was to compare self-reports and objective measures for assessing daily time spent in moderateintensity physical activity (MPA), vigorous-intensity physical activity (VPA) and ST in women undergoing breast cancer treatments. Methods: Baseline data from 65 women with breast cancer scheduled to undergo adjuvant treatment was included. Daily time spent in MPA, VPA and ST was assessed by a study-specific logbook and the SenseWear Armband mini (SWA). The level of agreement between the two measurement methods was then determined by performing Bland-Altman plots with limits of agreements, and calculating Spearman's rank correlation coefficients.
Background
Breast cancer is a major and growing public health concern, affecting millions of women worldwide [1] . Globally, breast cancer incidence rates have been constantly increasing the previous two decades, making breast cancer one of the leading causes of disability and cancer deaths in women [1] . Current evidence supports that participating in regular physical activity (PA; any bodily movement produced by skeletal muscles that increases energy expenditure above resting levels [2] ), especially moderateintensity physical activity (MPA) and vigorous-intensity physical activity (VPA), both during and after treatment, provides many health benefits for breast cancer patients [3, 4] . For example, PA is positively associated with improved health-related quality of life, psychosocial wellbeing and physical function [4] , as well as reduced risk of cancer recurrence and mortality [3] . Emerging evidence also suggests that sedentary behaviors (any waking activity characterized by low levels of energy expenditure while in a sitting or reclining posture [5] ) may have negative health effects for these populations, such as impaired healthrelated quality of life [6] and increased mortality risk [7] .
PA and sedentary behaviors are important outcomes in cancer research studies focusing on these behaviors. Accurate monitoring of time spent in PA and sedentary time (ST) is thus essential for many reasons, inter alia, to understand the relationship between these behaviors and different health outcomes, to describe dose-response relationships and finally, to evaluate the impact and efficacy of public health interventions [8] . However, PA and sedentary behaviors are challenging to measure accurately because of their complex multi-dimensional nature [9] . The most commonly used measurement methods are self-reports such as questionnaires [9] and diaries (or logbooks) [10] due to their convenience (e.g. inexpensive, easily administered and used in different clinical purposes) [9, 10] and their ability to provide contextual information about different aspects of PA and sedentary behaviors (e.g. mode of activities, PA and sedentary behavior patterns) [9, 11] . However, they have limitations [10, 12] including an increased risk for recall and response bias due to social desirability and cognitive demands of recall [10, 13] . These issues may be even greater among breast cancer patients undergoing cancer treatments and experiencing disease and treatment-related symptoms such as cognitive impairments [14] [15] [16] . On the other hand, objective methods such as physical activity monitors like the SenseWear Armband (SWA) are now more widely used in breast cancer studies [17, 18] despite their cost [9] , intrusiveness [12] and inability to provide contextual information about PA and sedentary behaviors (e.g. mode of activities, behavior patterns) [9] . They have the capacity to estimate the number and length of activity bouts and breaks in ST [9] as well as to remove the issues of recall and response bias [12, 13] . In fact, both self-reports and physical activity monitors are reported to have advantages and limitations [9, 10] and it appears that no "gold standard" exists for recording PA and ST in everyday life [9, 10] in breast cancer patients. However, given the importance of accurate monitoring of PA and ST among breast cancer populations, it is essential to determine the precision of self-reports compared with objective assessments, in order to know which measurement methods are the most appropriate. It is thus important to evaluate agreement between different commonly used methods [19] . However, few studies have compared self-reports and objective measurement in assessing PA [19] [20] [21] and ST [19, 20] in cancer populations. These studies have been conducted among different cancer populations and provide mixed results. Some studies have found acceptable [20] to good [21] agreement whereas the results of other studies have shown limited agreement [19, 20] . All these studies have included cancer patients post-treatment and only one has been conducted among breast cancer participants [20] . Thus, to date, the agreement between methods for assessing PA and ST in women with breast cancer undergoing cancer treatments has been poorly evaluated. The aim of the present study was to compare self-reports using a study-specific logbook and objective measures using the SWA for assessing daily time spent in MPA, VPA and ST in women with breast cancer undergoing cancer treatments.
Methods

Study participants
The present study is part of an on-going Swedish prospective study, the Physical Training and Cancer (Phys-Can) cohort study. The Phys-Can cohort study aims to monitor how the disease and treatment influence cancer patients' physical fitness, mental well-being, quality of life and patterns of physical activity. In the Phys-Can cohort study, participants with newly diagnosed breast, colorectal or prostate cancer scheduled to undergo adjuvant treatment were consecutively recruited at three University hospitals in different regions of Sweden (Uppsala, Linköping and Lund). Patients with spread breast cancer (stadium IIIb-IV), cognitive dysfunction (e.g. dementia and serious mental illness), physical impairments or other diseases (e.g. cardiovascular and lung diseases) that can prevent engagement in physical activity were excluded.
Women with breast cancer (n = 84) who accepted to participate in the Phys-Can cohort study between September 2014 and April 2015 were included in the present study. The Phys-Can cohort study was approved by the Regional Ethical Review Board of Uppsala University (EPN D-number 2014/249) and all participants gave informed written consent.
Procedure
Data assessments were conducted during cancer treatments, i.e. following the primary treatment (surgery) and before the participants started their adjuvant treatment. During a visit at the University hospital, each participant received a physical activity monitor and a study-specific logbook, and then was instructed on how to use these two instruments. After wearing the physical activity monitor 24 hours a day for seven consecutive days and filling out the logbook during the same period, the participants returned the two instruments by post in prepaid envelopes.
Data collection and management methods
Physical activity monitor
The SenseWear Armband mini (BodyMedia Inc., Pittsburgh, PA, USA) was used in combination with the proprietary SenseWear Professional 8.1 software. The SWA was worn on the back of the upper triceps (right or left) as instructed by the manufacturer and assessed time spent in PA and ST by registering inputs from a three-axis accelerometer and a combination of heat sensors [22] . Data registered by the sensors was then integrated into proprietary algorithms to provide estimates of energy expenditure, assigning a Metabolic Equivalent value (MET -the ratio of the metabolic rate during exercise to a reference metabolic rate at rest [23] ) to each minute the monitor was worn [22] . The proprietary SenseWear Professional Software provided SWA wear time as well as information about time spent in different MET levels, expressed in minutes [24] . Different generations of the SWA had previously been shown to be valid and reliable measurement methods in adult healthy populations [22, 25] , as well as in adult cancer patients [26] , compared to doubly labeled water [22] and indirect calorimetry [25, 26] .
Collected data from the SWA was considered valid and was included in the analyses if the SWA was worn during at least 4 days [27] , including 1 weekend day, with a wear time of at least 12 waking hours per day [28] . PA bouts considered for the analyses were defined as ten or more consecutive minutes [29] at the relevant intensity level, allowing interruptions of 1 or 2 min below threshold. Activities were excluded as a bout if they were interrupted by any ST or lower intensity levels of PA for more than 2 min [30] . Each bout of PA was classified as moderate or vigorous intensity, using cut-off values established by current international guidelines: 3.0-5.9 METs for MPA and ≥6.0 METs for VPA [31] . In order to identify and extract bouts of MPA and VPA of 10 min or more, visual analyses of the excel-files generated by the SenseWear Professional 8.1 software were made for each valid day from all the participants. Further, the participants' daily time spent in MPA and VPA were calculated separately by summing minutes in a day where the count met the criterion for the relevant intensity. Additionally, all activities undertaken during daytime, with an energy expenditure ≤1.5 METs were classified as sedentary behaviors [5] . In order to delimit ST to only daytime, the time axes of each individual were visually analyzed and nighttime sleep was removed. Finally, using these delimitations, the participants' daily ST was calculated and expressed in minutes.
Study-specific logbook
A logbook was developed for the Phys-Can cohort study, consisting of instruction pages and log pages for each day over 1 week. Participants made daily notes regarding ST as well as all PA that lasted 10 min or more, including mode, time and duration of the activities. The design of the study-specific logbook even enabled participants to rate their perceived exertion for each activity, using the commonly used Borg's rating of perceived exertion 6 to 20 scale [32] . Similar logbooks have been previously used in several studies, involving other adult populations [33, 34] .
Data from the logbook was used in the analyses only if the logbook was completed the same days as valid data from the SWA. The logbook of each participant was examined and days corresponding to the days of invalid data from the SWA were excluded from the analyses. As with the management of SWA-assessed data, the same MET classification as described above was used and a MET value was determined for each activity lasting 10 min or more using the Compendium of Physical Activities compiled by Ainsworth et al. [23] . Finally, using these delimitations, the participants' daily time spent in MPA and VPA were calculated separately by summing minutes in a day where the count met the criterion for the relevant intensity. In addition, ST was determined as reported by the participants in the logbook.
Data analysis
All data analyses were performed with the Statistical Package for the Social Sciences (SPSS v. 22.0, Inc. Chicago, Illinois, USA), and a two-tailed P-value of ≤0.05 was considered statistically significant.
Descriptive characteristics are presented as mean and standard deviation (SD) as well as frequencies and percentages (%). The average daily time spent in MPA, VPA and ST with the logbook and the SWA is presented at group level as mean with 95% confidence intervals (CI) ± SD. A Wilcoxon signed-rank test was performed to compare the differences (i.e. bias) between the two methods. Agreement between the logbook and the SWA was assessed as described by Bland and Altman [35] . Bland-Altman plots with values for the mean difference between the logbook and SWA as well as limits of agreements (mean difference ±1.96 SD) were created for MPA, VPA, and ST, and 95% CI of the mean differences were calculated. Spearman's rank correlation coefficients (r) were then calculated to determine the association between the average and the difference in daily time spent in MPA, VPA and ST between the logbook and the SWA. The two methods were considered as having a good level of agreement and interchangeable if the mean difference and the range between the limits of agreement did not exceed 10, 5, and 60 min per day regarding MPA, VPA and ST respectively. These cut-off points were defined as a priori the limits of maximum acceptable differences based on research findings that indicate the importance of using measurement methods that are able to detect such clinical changes. Indeed, recent research indicates that an increase of 10 and 5 min of MPA and VPA per day respectively may lead to increased health benefits in the general population [36, 37] . Second, research regarding ST indicates that an increase of 60 min per day in ST is associated with increased health risk in the general population [38] .
Results
From the 84 breast cancer participants in the PhysCan cohort study, 16 participants dropped out before attending baseline assessment. Three participants were then excluded because they had either not used or not returned the two measurement instruments. Finally, 65 participants were included in the present study. The characteristics of the 65 study participants are presented in Table 1 . Regarding MPA and VPA, all 65 participants had available data. Regarding ST, only 42 participants had available data due to administrative failure (missing instruction for reporting ST in the first 23 logbooks) (Fig. 1) .
Time spent in MPA, VPA and ST As shown in Table 2 , the average daily time spent in MPA (essentially walking and bicycling activities according to the logbook) for the entire group was 55 and 41 min according to the logbook and the SWA, respectively. The entire group spent an average of 3 and 2 min per day in VPA, according to the logbook and the SWA, respectively. The average daily time spent in both MPA and VPA was significantly higher for the logbook compared with the SWA (34%, P < 0.01 and 50%, P = 0.014, respectively).
Regarding sedentary behaviors, the average daily ST for the entire group was significantly lower for the logbook compared with the SWA (−27%, P < 0.01). The entire group spent an average of 517 and 713 min per day in sedentary behaviors, according to the logbook and the SWA, respectively.
Agreement between methods assessing time spent in MPA, VPA and ST Figure 2a shows a Bland-Altman plot comparing daily time spent in MPA between the logbook and the SWA. The mean difference between the logbook and the SWA was 14 min per day (95% CI [9, 19] ) with limits of agreement of ±102 min. Differences between the logbook and the SWA increased as the average minutes per day spent in MPA increased (r = 0.3, P < 0.01).
The Bland-Altman plot for daily time spent in VPA from the logbook and the SWA showed a mean difference of 1 min per day (95% CI [0.3, 2]) with limits of agreement of ±21 min (Fig. 2b) . Differences between the logbook and the SWA also increased as the average minutes per day spent in VPA increased (r = 0.5, P < 0.01). 
Discussion
The results of the present study showed significant mean differences, wide limits of agreement, and significant positive correlations between the logbook and the SWA regarding the average and the difference in daily time spent in MPA, VPA and ST. Thus, the results indicated limited agreement between the logbook and the SWA, suggesting that the two methods cannot be used interchangeably for obtaining accurate measures in daily time spent in PA and ST among breast cancer patients undergoing cancer treatments.
Similar findings have been obtained in previous studies. A study conducted by Johnson-Kozlow et al. [20] , including 159 breast cancer patients post-treatment reported limited agreement between one self-report method and an accelerometer in measuring time spent in MPA, VPA and total PA as well as poor agreement in measuring ST. A multicenter study [19] with 176 colon cancer patients reported limited agreement between two self-report methods and an accelerometer, regarding MPA, VPA and ST. In contrast, Jovanovic et al. [21] reported high agreement between a daily diary and an accelerometer in measuring time spent in PA among 23 women with endometrial cancer. Two of the last mentioned studies included other cancer diagnosis compared to the present study [19, 21] and all were conducted post-treatment, making it difficult to draw any certain conclusions. The results in the present study indicated that the participants tended to overestimate PA (at both moderate and vigorous intensity) and underestimate ST when using the logbook. This is also in line with both the study by Johnson-Kozlow et al. [20] and the multicenter study by Boyle at al [19] . The observed overestimation of time spent in MPA, VPA and the underestimation of ST may be explained by some limitations of the logbook, i.e. over-and under-reporting due to the failure to recall frequency and duration of these behaviors correctly, a common limitation of self-reports. Indeed, self-report instruments have difficulties in establishing the true frequency, duration and intensity of the activities [10] and have an increased risk for recall and response bias due to the cognitive demands of recall and social desirability [10, 13] . The risk of recall bias may be higher among breast cancer patients due to cognitive impairments that can appear during treatments [14] [15] [16] . This can result in altered cognitive functions such as reduced memory [14] [15] [16] and decreased concentration /attention [15] , which in turn may affect the quality of self-report of PA and ST among these populations. However, the SWA also may have contributed to the differences in daily time spent in PA and ST between the two measurement methods found in the present study. Although validity studies showed that the SWA is valid compared to indirect calorimetry and doubly labeled water in adult healthy populations [22, 25] and in adult cancer patients [26] , the same studies showed that the SWA tends to underestimate total energy expenditure during moderate-and vigorous-intensity activities such as walking and ergocycling when compared to indirect calorimetry [26] . Those studies also showed that the SWA tends to overestimate total energy expenditure during physical activities of low intensity [22, 25] . This suggests that the SWA may have underestimated and misclassified physical activities such as cycling and walking Fig. 1 Overview of the study participants based on data from the Phys-Can cohort study exercises, which were the two most common forms of self-reported physical activities among the study participants according to the logbook. It also suggests that the SWA may have misclassified sedentary activities due to its difficulties to discriminate activities of low intensity (e.g. standing very stationary) from sedentary behaviors.
What is an acceptable level of agreement between two measurement methods is a clinical judgment based on whether the differences are small enough to avoid problems with clinical interpretation [39] . The criteria used in the present study suggested that the study-specific logbook might not be sensitive enough to detect such changes in time spent in MPA and VPA as well as ST. The results also suggest a larger level of agreement between the SWA and the logbook in assessing daily VPA compared to when assessing MPA and ST. However, it is important to highlight that the logbook gave statistically higher estimates of VPA, and that these differences increased as the amount of VPA increased, which in turn confirms the limited agreement between the two measurement methods in assessing VPA. It is also worth noting that few vigorous activities were performed by the participants as indicated by both the logbook and the SWA. Thus, the observed agreement between the two methods in measuring time spent in VPA must be carefully interpreted and needs to be further evaluated. Further, several studies [21, 34, 40] made interesting observations, suggesting that the logbook may instead be an appropriate instrument to complement the SWA, due to its ability to provide detailed and contextual information about different aspects of PA and sedentary behaviors (e.g. settings, mode of activities and selfperceived exertion). According to these studies, a combination of both objective and subjective monitoring may be beneficial to obtain detailed descriptions of PA and sedentary behavior patterns among the studied population, and may be more likely to yield reliable measurements and understanding of these behaviors. Evidently, the choice of measurement methods depends mainly on the purpose for assessing PA and ST, and the decision of selecting the most appropriate method (or a combination of several methods) should be made on a case-by-case basis [9] [10] [11] .
The present study has some limitations and the results should therefore be interpreted accordingly. First, the relatively small sample size and its homogeneity could have an impact on the results. Recommendations about sample sizes for agreement studies are few [41] and vary widely, ranging from at least 32 participants [42] to over 100 participants [43] . This makes naturally difficult to draw any certain conclusion about optimal sample sizes. Further, most of the study participants were well-educated and all were volunteers to participate in the study. Thus, these limitations may affect the representativeness of the study sample and limit the generalizability of the results to larger breast cancer populations. However, the data was collected at three different hospitals in different regions of Sweden, allowing a reduction of possible influences of e.g. community characteristics. This, in turn, may even contribute to give a more representative sample of a greater breast cancer population. Second, since there is no gold standard for recording PA and ST in everyday life [9, 10] , the SWA was used as a comparison measure despite its limitations mentioned above. Third, the great variability (SDs) of daily time spent in PA and ST may also impact on the results. As the Spearman's rank correlation coefficients show, differences between the logbook and the SWA increased as the average minutes spent in PA and ST increased, suggesting that the days the participants were the most physical active or the most sedentary, were also the days where the level of agreement between the SWA and the logbook was poorest and vice versa. PA levels vary from day to day and several sources explain those variations such as weekend/weekday [44] and seasons [45] , implying that the observed level of agreement may differ depending on 1) which season of the year the data is collected and 2) the choice of valid days for the analysis. However, to limit these methodological issues, the data was collected during different seasons (i.e. fall, winter and spring) for the entire group, and the analysis encompassed at least 4 days, including 1 weekend day for each participant. Another limitation is the absence of guideline recommendations for determining acceptable bias when comparing subjective and objective measurements that record time spent in PA and ST. Due to this limitation, specific criteria were developed for the present study, but further research on this topic is necessary in order to identify cut-off points that can be used in a systematic manner for comparisons between studies. Furthermore, assessing PA and ST with a physical activity monitor also includes some technical and practical considerations [9] , which may have an impact on the results [30] . For example, there is no consensus regarding data management and processing [9] . This lack of standardized data analysis strategies makes it difficult to choose the most appropriate way to manage SWA-data, and limits the possibility to compare studies. However, in order to limit these methodological issues, recent published recommendations [27, 28, 30] and guidelines [46, 47] were followed to analyze SWA-data in the present study (such as minimum number of valid days of monitoring required, minimum wear time, criteria for valid PA bouts). Additionally, the SWA was used in combination with proprietary software with proprietary algorithms to estimate data regarding time spent in PA and ST. This enabled a structured and systematic way of data management, allowing homogeneous interpretations of the results as well as comparisons between studies [48] .
Conclusions
In summary, the present study is the first to investigate agreement between self-reports and objective assessments with participants undergoing breast cancer treatments. The study-specific logbook has limited agreement with the SWA and cannot be used interchangeably with the SWA when assessing daily time spent in MPA, VPA and ST among breast cancer patients. However, the selection of method to assess PA and ST should be closely linked to clinical and research purposes. When appropriate, the logbook may be a useful complement to the objective measures due to its ability to provide detailed and contextual information about different aspects of PA and sedentary behaviors. Ethics approval and consent to participate The study was approved by the Regional Ethical Review Board of Uppsala University (EPN D-number 2014/249) and all participants gave informed written consent.
